Background: Clinical guidelines for the diagnosis of group A streptococcal (GAS) pharyngitis recommend the use of a rapid antigen detection test (RADT) and/or bacterial culture. This study evaluated the overall diagnosis and treatment of acute pharyngitis in the United States, including predictors of test type and antibiotic prescription. Methods: A retrospective analysis of pharyngitis events from 2011 through 2015 was conducted using the MarketScan commercial/Medicare databases. A pharyngitis event was defined as occurring within 2 weeks from the index visit. Patient and provider characteristics were examined across 5 testing categories: RADT, RADT plus culture, other tests, nucleic acid amplification testing (NAAT), and no test. Multivariate models were used to identify significant predictors of NAAT use and antibiotic prescription. Results: A total of 18.8 million acute pharyngitis events were identified in 11.6 million patients. Roughly two-thirds of events (68.2%) occurred once, and roughly a third of patients (29.1%) required additional follow-up, but hospitalization was rare (0.3%). Across all events, 43% were diagnosed by RADT, while 20% were diagnosed by RADT plus culture. The proportion of events diagnosed by NAAT increased 3.5-fold from 2011 to 2015 (0.06% vs 0. 27%). Antibiotic use was frequent (49.3%), less often in combination with RADT plus culture (31.2%) or NAAT alone (34.5%) but significantly more often with RADT alone (53.4%) or no test (57.1%). Pediatricians were significantly less likely than other providers to prescribe antibiotics in their patients, regardless of patient age (p < 0.0001).
Background
Acute pharyngitis is a common medical condition that results in an estimated 15 million healthcare visits per year in the United States [1, 2] . Infection with Streptococcus pyogenes (group A beta-hemolytic streptococci) is the most common bacterial cause of acute pharyngitis and is responsible for an estimated 5 to 15% of sore throat cases among adults [3] and 20 to 30% of cases among children [2, 4] . Most cases of pharyngitis will resolve on their own without treatment, however, antibiotics are prescribed in approximately 60% of cases to prevent rare complications (e.g., acute rheumatic fever, rheumatic heart disease, post-streptococcal glomerulonephritis), shorten the duration of illness, prevent the spread of infection to close contacts, and address patient demands [5] [6] [7] . Current treatment guidelines discourage the empirical use of antibiotics for sore throats due to concerns about unnecessary antibiotic exposure and development of resistance.
Accurate diagnosis of group A streptococcal (GAS) pharyngitis by clinical symptoms alone is limited due to the overlap of clinical signs and symptoms between bacterial and viral pharyngitis [1] . Current guidelines for diagnosis of GAS pharyngitis in the United States recommend the use of a rapid antigen detection test (RADT) and/or bacterial culture of a throat swab [1] . RADT assays have the benefits of ease of use, rapid turnaround time (< 10 min), and high specificity (95%) but have relatively low sensitivity (70-90%) [8] . As such, negative RADT results require a confirmatory bacterial culture in pediatric patients, patients at high risk of complications from GAS pharyngitis, and any setting in which clinicians wish to maximize diagnostic sensitivity [1, 8] . Bacterial culture is both highly sensitive and specific (90-95%) when performed correctly, but is labor intensive and costly and requires an experienced clinical laboratory to grow and accurately test the bacteria, resulting in reporting delays of 1 to 5 days [9] . Given the low sensitivity rates of RADT and the delays in result reporting (or unavailability) of culture testing, clinicians are often left with the difficult decision of whether or not to prescribe antibiotics when using rapid antigen assays while waiting for confirmatory results, or simply treating (or not treating) the patient without the use of a diagnostic test and accepting any negative clinical consequences or follow-up care.
A number of nucleic acid amplification testing (NAAT) assays for GAS pharyngitis diagnosis have received US Food and Drug Administration (FDA) clearance over the last 3 years. NAAT has shown equivalent sensitivity and specificity to those of bacterial culture [10] [11] [12] [13] [14] [15] and improved sensitivity compared with RADT when diagnosing GAS pharyngitis [11] . The potential benefit of using a single assay alone for GAS pharyngitis diagnosis has resulted in some integrated health networks switching to NAAT and implementing rapid transport and reporting mechanisms to reduce turnaround times from days to hours [16] . This facilitates rapid result reporting and timely initiation of appropriate antibiotic therapy, if warranted. Current GAS pharyngitis guidelines do not yet provide guidance on the use of NAAT; however, a recent report from the American Academy of Microbiology suggested that "practice guidelines could inform providers that the nucleic acid tests perform on par with gold standard laboratory testing and encourage their use" [17] .
Currently, limited data exist on the factors that impact antibiotic prescribing in GAS pharyngitis. The current study evaluated the diagnosis and treatment of GAS pharyngitis in the United States from 2011 through 2015 in over 11 million patients and investigated the relationship between antibiotic prescribing and provider type, place of service, and GAS pharyngitis diagnostic testing methods. Findings from this study will provide further evidence to inform clinicians and policy makers about which diagnostic tests are routinely used in clinical practice and their impact on antibiotic prescribing for sore throats.
Methods
Data were compiled from the MarketScan Commercial Claims and Encounters (CCAE) and Medicare Supplemental (MDCR) databases (Truven Health Analytics). The CCAE database contains medical and drug information from employers and health plans, including data on employees and their dependents, whereas the MDCR database includes data on retirees with Medicare supplemental insurance paid by employers [18] . More than 300 employers and 40 private health plans contribute claims information to the MarketScan databases, which is a large-enough data set to provide a nationally representative sample of the American population with employer-sponsored health coverage. The databases have contained data on more than 220 million unique covered individuals from the entire United States since 1995. This analysis used de-identified claims data from inpatient and outpatient visits as well as pharmacies.
From the databases, all patients with a pharyngitis event between January 1, 2011, and December 31, 2015, were identified. Streptococcal pharyngitis was defined by the presence of at least 1 claim during the study period with any International Classification of Diseases, Ninth or Tenth Revision, Clinical Modification diagnostic code for streptococcal sore throat (034.0), acute pharyngitis (462) or acute tonsillitis (463), mapped out to equivalent ICD-10 codes. The index date was defined as the first day of each episode of a pharyngitis claim (index visit) during the study period. A pharyngitis claim (event) was followed for a 2-week period after the index visit (through January 15, 2016) or disenrollment from the insurance plan, whichever came first. If a patient had a second claim for a pharyngitis visit within 2 weeks after the index visit, it was considered a follow-up to the index event. If a patient had a second claim for a pharyngitis visit more than 2 weeks after the index visit, it was treated as a new event in the analysis. Patients were excluded from the analysis if any condition requiring empirical antibiotic use, including acute bronchitis, cystitis, cellulitis, urethritis, pyelonephritis, diverticulitis, and pneumonia, was documented 2 weeks prior to the index visit ( Fig. 1) to remove antibiotic prescriptions not related to the index pharyngitis event.
Descriptive analyses were performed to examine patient and pharyngitis event characteristics, both for the entire cohort and stratified adult (age ≥ 18 years) and pediatric (age < 18 years) categories. Patient characteristics examined were sex, geographic region of the United States, health plan type, and number of pharyngitis events. Event characteristics included place of service (categorized in the following order: emergency department > urgent care > physician office > laboratory/other, where the first was used if there were multiple places of service associated with an event), provider type (i.e., pediatrician, family physician, internist, and other/ unknown), number of inpatient hospital admissions associated with a pharyngitis event, and medical complications from GAS pharyngitis (i.e., scarlet fever, post-streptococcal glomerulonephritis, rheumatic fever, and streptococcal pneumonia).
GAS pharyngitis diagnostic tests were identified using Current Procedural Terminology (CPT) codes for NAAT (87651), throat culture (87,081, 87,070, 87,071), RADT (87880), and streptococcal immunoassay (87430). Pharyngitis events were grouped by any GAS pharyngitis diagnostic test claims within 2 weeks after the index visit into the following 5 testing categories: NAAT only, RADT only, RADT plus culture, no test, and other test combination. Other test combination included any combination of the aforementioned test categories with or without streptococcal immunoassay (CPT code: 87430). Antibiotic prescription for a pharyngitis event was defined as the presence of a pharmacy claim on or within 2 weeks after the index visit that had a National Drug Code for any of the antibiotics recommended in GAS pharyngitis treatment guidelines [1] .
Multivariable models were used to identify pharyngitis event characteristics associated with antibiotic prescription and NAAT use. For each outcome, separate models were constructed for pediatric and adult patients. Adjusted hazard ratios and 95% confidence intervals were calculated using an Anderson-Gill analysis [19] (SAS version 9.4; SAS Institute Inc) in a time-dependent model with the following covariates: sex, region, health plan type, calendar year, place of service and provider specialty. Antibiotic prescription models also included diagnostic test type as a covariate. In all models, 0.5 day was added to the follow-up for all events to avoid exclusion of events when a censoring event occurred on the same day as the index visit.
Results
A total of 104,754,310 patients were identified in the MarketScan databases between January 1, 2011, and December 31, 2015, of whom 11,631,556 met the criteria for inclusion in the study cohort (Fig. 1) . Overall, the study cohort had a mean (SD) age of 24.5 (18.5) years. The majority of patients were female (58.1%), and 54.1% of all patients were ≥ 18 years of age (Table 1) . Most patients had only 1 pharyngitis event during the study period (68.2%). When stratified by age group, a higher proportion of adults than children were female (63.7% vs. 51.6%) ( Table 1) .
Within the entire study cohort, there were 18,778,397 distinct pharyngitis events (Table 2) . Adults were more likely than children to have only 1 pharyngitis event (78.3% vs. 56.4%). Roughly one-third of events led to 1 or more follow-up visits (29.1%), but hospitalization was rare (0.3%). Overall, antibiotics were used for 49.3% of events and were prescribed at higher rates among adults (54.4%) than among children (45.0%). When information was available on provider specialty type, the most common provider specialties associated with the index visit were pediatrician (28.3%), family physician (26.2%), and internist (7.1%) across all events ( Table 2) .
The most common place of service for pharyngitis events was the physician office (83.7%), with urgent care (7.0%) and emergency department (3.6%) being less common. Among all pharyngitis events, diagnosis by RADT was most common (43.0%), followed by no test (27.9%) and RADT plus culture (19.8%). Over the study period, the proportions of events diagnosed using RADT, RADT plus culture, no test, or other tests remained stable (Fig. 2a, p < 0.001) . In contrast, the proportion of events diagnosed using NAAT, while small in overall percentage and number of cases, increased approximately 3.5-fold, from 0.06% in 2011 (n = 2767) to 0.27% in 2015 (n = 8180) (Fig. 2b, b , p < 0.0001).
RADT alone was the most common test type used by pediatricians (46.8%) and family physicians (45.8%). Pediatricians also had the highest proportion of events (among all events) diagnosed using RADT plus culture (32.6%; Additional file 1: Figure S1A , p < 0.001). In contrast, internists had the highest proportion of events diagnosed where no test was performed (45.6%). Similar testing patterns were observed when testing was stratified by place of service (Additional file 1: Figure S1B , p < 0.001), with office-based events showing the highest proportion of RADT only (45.7%), followed by no test (26.0%) and RADT plus culture (20.3%). Events involving the emergency department had no test in the majority of cases (53.7%). The proportion using NAAT was low (< 0.3%) among all provider specialties and places of service.
In a multivariable analysis, 28 and 40% of adult and pediatric NAAT claims, respectively, were associated with a laboratory/other setting (p < 0.0001). NAAT was significantly less likely to be used in the emergency department and urgent care (p < 0.0001 for both) than in an office setting (Additional file 2: Table S1 ).
To examine the differences in antibiotic prescription by age group, separate multivariable models were created for adult and pediatric patients. In both models, events diagnosed using RADT alone or no test were significantly associated with increased antibiotic prescription compared with events diagnosed using NAAT or Managed care is with an established physician network to receive care: HMO, health maintenance organization, EPO, exclusive provider organization; Preferred provider is with an established physician network and the option to see provider out of the network generally with increased fees: POS, point of service; POS with cap, point of service with capitation; PPO, preferred provider organization; High deductible requires members to pay for services out of pocket until a limit is reached: HDHP, high-deductible health plan. Some include reimbursement from an account before the insurance starts: CDHP, consumer-driven health plan RADT plus culture ( Table 3 ). The majority of the cases diagnosed using RADT plus culture with antibiotic prescriptions had the treatment initiated on the day of the visit (66%). The use of RADT alone resulted in more antibiotic prescriptions compared with NAAT alone by 49% among patients aged ≥18 years (p < 0.0001) and 123% among patients aged < 18 years (p < 0.0001).
Discussion
The current study evaluated the diagnosis and management of acute pharyngitis in the United States from 2011 through 2015 using a database of private and public health insurance claims. With over 11 million adult and pediatric patients with pharyngitis evaluated over the previous 5 years, these data represent one of the largest evaluations of GAS pharyngitis incidence, diagnosis, and antibiotic use to date and offer insights into real-world treatment practices among different types of providers across the United States. As would be expected, the majority of patients were cared for in office settings; family physicians or internists managed the majority of patients aged ≥18 years, and pediatricians managed the majority of patients aged < 18 years. The diagnosis of pharyngitis was performed using a wide range of tests among different practitioner types and treatment settings. Overall, RADT alone was used in most cases (43%), likely given its ease of use and convenience. Additionally, no testing was done more frequently than RADT with confirmatory culture (27.9% vs 19.8%, respectively). These findings are in contrast to current clinical guidelines and may reflect real-world clinical practice. For example, clinics and emergency departments may face time pressures, patient demands, and delayed culture results, which may lead them to use RADT only. Alternatively, many cases of pharyngitis may appear obvious to the provider, resulting in no diagnostic testing at all. These real-world situations may contribute to incorrect GAS pharyngitis diagnosis, and consequently inappropriate antibiotic use, given the overlap of symptoms between viral and bacterial causes of pharyngitis. Of interest, while the overall use of NAAT alone was infrequent, the proportion of events diagnosed using NAAT vs. other test types increased 3.5-fold over the study period and roughly doubled in 2014 and again in 2015, coinciding with the approval of GAS pharyngitis NAAT assays.
Similar to results of other studies, almost 50% of patients in the present study received antibiotics for sore throat/pharyngitis [6, 7, 20] . Given that the literature indicates a 5-30% prevalence of GAS for pharyngitis [2, 4] , this confirms high rates of unnecessary antibiotic use. Of interest, cases diagnosed by RADT alone or no test showed significantly greater antibiotic use than those diagnosed by NAAT alone. In contrast, NAAT alone had roughly equivalent rates of antibiotic prescription to those with the current gold standard of RADT plus culture. These results suggest that optimal testing practices that maximize diagnostic sensitivity may lead to more judicious antibiotic prescribing. They also may indicate that providers following current guidelines for diagnosis are more likely to prescribe in line with guidelines recommendations, limiting the empiric use of antibiotics.
FDA-cleared Strep A NAAT assays are now available, including Clinical Laboratory Improvement Amendments-waived PCR systems for use at the point of care (POC) that produce results within 15-25 min, with equivalent sensitivity and specificity to those of reference culture and/or laboratory-based PCR [15, 21] . As such, the use of these assays is possible at POC locations, such as physician offices, emergency departments, and urgent care clinics. Recent research has demonstrated that many patients prefer to avoid unnecessary antibiotics and are willing to undergo diagnostic tests at the POC to guide proper treatment [22] . Our results suggest that these POC NAAT assays could help minimize unnecessary antibiotic prescribing for acute pharyngitis/sore throat by removing the need for confirmatory culture testing, thus reducing the time for (and costs of) result reporting and additional healthcare contacts/calls between the patient and provider. Furthermore, based on the guidelines patients receiving RADT plus culture are likely RADT negative yet 66% of the antibiotic prescriptions for this group were still initiated at the time of the visit before culture results were available. This further emphasizes the potential value of Complications related to streptococcal pharyngitis: scarlet fever, poststreptococcal glomerulonephritis, rheumatic fever, and streptococcal pneumonia highly sensitive and specific POC NAAT assays to aid clinician diagnosis and reduce empiric antibiotic prescriptions. Diagnostic systems utilizing NAAT technology have demonstrated sensitivity and specificity in clinical trials, but it is important to note that each diagnostic system is unique. Validation of all NAAT is important to ensure performance. The careful selection of patients based on appropriate clinical symptoms for GAS testing is important regardless of testing modality [23] . A limitation of the analysis is lack of data on the Centor score, so it is unknown what proportion were eligible for GAS testing based on clinical symptoms. Diagnostic tests are always an aid to support clinician decision making. Due to increased sensitivity compared to RADT and even culture, a concern about the use of NAAT is increased detection of colonized patients who do not require treatment, which may theoretically encourage inappropriate antibiotic use of colonized patients. This reinforces the importance of physician assessment to select patients appropriate for GAS testing based on clinical criteria.
Although a strength of the current analysis is the large patient sample and database size, the results are limited by the types of data available and resultant limitations of the study methods and analyses. We acknowledge that the study population was pulled from a large convenience sample that disproportionately represents the Southern portion of the United States and those with insurance coverage by large employers. As such, our results may reflect regional and/or insurer-type restrictions that may be generalizable only to an employed and insured population. In addition, the data reflect only whether or not the patient received a service (e.g., visit for pharyngitis: yes or no; antibiotic prescribed: yes or no) and do not contain test results or clinical outcomes, which limits the study to one of association and not of causal pathways. As events with only rapid tests could have been from correctly identified positive cases, it is not known what proportion of events with both a rapid test and culture were from negative cases on rapid tests or missed positive cases on rapid tests. Similarly, events with no test may have been clear-cut clinical cases that were either very likely to be GAS pharyngitis or not GAS pharyngitis at all.
Conclusions
Over a 5-year period in the United States, patient visits for acute pharyngitis events were common, often diagnosed by RADT alone or with no diagnostic test, and resulted in antibiotic prescription in roughly 50% of cases. Compared with patients < 18 years of age, patients ≥18 Adjusted for all variables in the table as well as patient's sex, region, health plan, and calendar year. P-values< 0.0001 for all covariates except for p = 0.0031 for ED in patients < 18 CI confidence interval, ED emergency department, HR hazard ratio, NAAT nucleic acid amplification testing, RADT rapid antigen detection test years of age were more likely to not receive any diagnostic test and be treated with antibiotics. In addition, NAAT use, while relatively uncommon, increased in frequency over the study period and resulted in antibiotic prescription rates similar to that with RADT plus confirmatory culture testing. Increasing awareness about the impact of antibiotic resistance requires revisiting the role of empirical antibiotic therapy. Diagnostics, in particular sensitive and specific POC diagnostics, can help clinicians to avoid prescribing unnecessary antibiotics. As such, the use of POC NAAT assays or RADT plus confirmatory culture testing may help to limit the inappropriate use of antibiotics and development of bacterial resistance. These real-world data suggest that clinical guidelines should consider the role of newer diagnostic methods such as NAAT to improve the accuracy of GAS pharyngitis diagnosis as well as stress the overall value of diagnostic use along with clinical symptoms to confirm bacterial infections that require antibiotic treatment.
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Additional file 1: Figure S1 . GAS Testing by Provider Type: (A) provider specialty and (B) place of service. Other provider types include nurse practitioner/physician assistant, emergency medicine, otolaryngology, multiple providers, and unknown. ED, emergency department; NAAT, nucleic acid amplification testing; RADT, rapid antigen detection test. 
